Abstract Ponds (lentic water bodies \2 ha) constitute a considerable biodiversity resource. Understanding the environmental factors that underlie this diversity is important in protecting and managing the habitat. We surveyed 425 ponds for biological and physical characteristics with 78 of those also surveyed for chemical characteristics. A total of 277 invertebrate species and 265 plant species were found. Species richness varied between 2 and 99 (mean 27.2 ± 0.6 SE) for invertebrates and 1 and 58 (mean 20.8 ± 0.4 SE) for plants. Generalised additive models were used to investigate variables that correlate with the species richness of plants and invertebrates, with additional models to investigate insect, Coleoptera, Odonata, Hemiptera, Trichoptera and Mollusca species richness. Models performed reasonably well for invertebrates in general (R 2 = 30.3%) but varied between lower-order invertebrate taxa (12.7-34.7%). Ponds with lower levels of shading and no history of drying contained higher numbers of species of plants and all invertebrate groups. Aquatic plant coverage positively correlated with species richness in all invertebrate groups apart from Trichoptera and the presence of fish was associated with high invertebrate species richness in all groups apart from Coleoptera. The addition of chemistry variables suggested non-linear relationships between oxygen demand and phosphate concentration and higher-order richness. We demonstrate that the composition of biological communities varies along with their species richness and that less diverse ponds are more variable compared to more diverse ponds. Variables positively correlated with richness of one taxon may be negatively correlated with that of another, making comprehensive management recommendations difficult. Promoting a high landscape-level pond biodiversity will involve the management of a high diversity of pond types within that landscape.
Introduction
The determinants of species richness at continental scales are still unclear. However, the correlates of species richness appear to centre around the twin concepts of water and energy (Field et al. 2009) . At a local level, the problem becomes only slightly more tractable. Concepts such as niche overlap (Leibold and McPeek 2006) , habitat heterogeneity (both temporal and spatial) (Tews et al. 2004 ) and area (Lomolino 2000) can be quantified and manipulated experimentally to investigate within and between habitat richness. One benefit of understanding the predictors of species richness is the potential for habitat management targeting those variables which enhance species richness of one or more taxa. Such informed management can ameliorate damage done either through passive damage and neglect or even through benign mismanagement based on unsound principles.
Ponds (defined as lentic water bodies under 2 ha in area (De Meester et al. 2005 )) represent a habitat that has traditionally been neglected in ecological studies (Céréghino et al. 2008) . It is only recently that the value of ponds as a biodiversity resource (Williams et al. 2004) , carbon sink (Downing et al. 2008) , floodwater management tool and pollution filter (Fiener et al. 2005 ) has been recognised. Even when managed for mankind's use, ponds can still contribute to biodiversity, as has been shown for motorway stormwater retention ponds in France (Scher et al. 2004 ) and angling ponds in England (Wood et al. 2001) . This combination of biodiversity and tangible ecosystem services make pond ecosystems excellent candidates for conservation. Previous studies have highlighted the biodiversity value of ponds in comparison to other aquatic habitats. Ponds in a lowland region of the UK were shown to contribute more species on a regional level than rivers, streams or ditches, although there was considerable variation in richness between individual ponds (Williams et al. 2004 ). The significant contribution made by ponds to the regional species pool-gamma diversity-has also been demonstrated across Europe (Davies et al. 2008) . A number of studies have been published on pond species richness and its correlates, although no consensus has emerged on which variables best predict species richness. We briefly review a representative sample of these predictors below.
Physical correlates of pond species richness
The geographical location of ponds has been shown to influence communities and species richness, including the altitude of the pond (Hinden et al. 2005 ) and the location of the pond relative to other ponds (Briers and Biggs 2005) . However, evidence for an effect of connectivity at smaller spatial scales is equivocal . In an analysis of climatic correlates of ponds varying in altitude, Rosset et al. (2010) found that environmental temperature explained a large proportion of the variance in species richness. Rosset et al. (2010) argue that there could be an 83% increase in species richness in lowland areas and a 150% increase in species richness in upland areas under projected climate warming. Studies involving pond area have yielded conflicting results, with some demonstrating strong influences on plants and invertebrates ) and others demonstrating weak (if any) effects on macroinvertebrate richness (Oertli et al. 2002; Søndergaard et al. 2005) . This break from conventional species-area relationships may be due to second-order effects in the form of ecological interactions which vary between ponds of differing connectivity and dimensions (Scheffer et al. 2006) . The relatively small size of ponds also renders them vulnerable to drying out, and drying has been shown to have an effect on alpha diversity of ponds , with variations between the biological communities of temporary and permanent ponds (Collinson et al. 1995) . Encroachment by terrestrial plants during succession leads to increased shading, which has been implicated in determining the abundance of aquatic macrophytes (Joye et al. 2006) and the structure of odonate communities (Suh and Samways 2005) . Turbidity has been shown to influence zooplankton communities, which have a key ecological role .
Chemical correlations of pond species richness pH has previously been shown to influence richness Hinden et al. 2005) , with few species found \pH 5.5 (Friday 1987) . However, interactions between pH and other variables such as the presence of fish may produce the opposite pattern, where invertebrates are abundant in acidic lakes in which fish cannot persist McNicol 1987, 1995) . Conductivity has been shown to correlate with macrophytes, odonates and beetles in alpine ponds, although this is not consistent with findings from lowland areas (Hinden et al. 2005) . The impacts of varying salinity on invertebrate communities have been demonstrated in the contexts of fresh-brackish-saline water communities (Williams 2003) and pollution caused by road salt (Williams et al. 2000) . Oxygen demand and phosphate have been shown to influence invertebrate communities in rivers (Durance and Ormerod 2008) and lakes .
Biological correlates of pond species richness
Plant cover positively affects odonate communities (Carchini et al. 2005; Hinden et al. 2005) , macrophyte richness (Hinden et al. 2005 ) and macroinvertebrate richness (Gee et al. 1997) . The structural complexity of the plant community also plays a role in determining biomass of invertebrates, although not the species richness (McAbendroth et al. 2005) . The presence of fish has strong effects on benthic invertebrate community structure (Gilliam et al. 1989) , body size distributions (Blumenshine et al. 2000) and abundance (Bendell and McNicol 1995) .
What is clear from these studies is that there is a large array of potential correlates of species richness (for a more comprehensive review of older studies, see Table 2 in Jeffries 1991) . Few studies have combined biological, chemical and physical variables into an analysis of pond species richness over a large number of sites (cf. Biggs et al. 2005) and it may be this that has led to a lack of consensus concerning which variables correlate best with different aspects of species richness. We analyse the macrophyte and invertebrate species richness of 425 ponds in northern England in terms of physical and biological variables. We further analyse species richness of a subset of 78 ponds for biological, chemical and physical variables. These ponds are set in an agricultural landscape which is representative of much of lowland Europe.
Methods
Pond survey methods 425 ponds in Cheshire, UK (Fig. 1) , were visited during the summer over a period of four years: between 25th May-9th September 1995, 4th May-25th August 1996, 27th April27th July 1997, and 1st July-16th August 1998. Each pond was surveyed for physical and biological characteristics (Table 1) and one water chemistry sample was taken for each of a subset of 78 ponds from 1995 at the time of biological sampling. These water samples were sent to the National Rivers Authority (now the Environment Agency) laboratory in Nottingham, UK, for analysis. Pond width and length were measured using measuring tape. Depth was ranked as either \0.5, 0.5-1, 1-1.5, 1.5-2 or [2 m. The proportion of the pond that was shaded (''shade'') was defined as the proportion of the water surface overhung by vegetation. The proportion of the pond covered by aquatic vegetation (''plant cover'') was estimated by eye. Landowners were asked whether the pond had ever been known to dry up to ascertain the permanence of water (''drying'', 0 = not known to dry up, 1 = known to dry up). The presence of fish (''fish presence'') was evaluated both at the time of sampling using nets and by asking landowners. Summary statistics for these variables and chemical variables included in the analysis can be found in Table 2 .
The presence or absence of invertebrate species was recorded using standardised sampling methods. Pond nets with 1 mm mesh were used to collect invertebrates in the following microhabitats: (i) open water, (ii) over both sediment and bare substrate, and (iii) within the leaf litter. In addition, animals were collected through the scraping of rocks and logs that were either submerged or were found within the perimeter set by the maximum winter water level. Damp poolside areas were surveyed by creating a depression and netting the resulting puddles. The rationale behind the sampling was to continue surveying until no further species were found (Eyre et al. 1986 ). All plants present in the pond up to the winter high water level were recorded to species. Five species of amphibians were However, surveys were carried out across the amphibian breeding season and so it was not possible to verify whether a particular species was truly absent or simply not observed due to it not using the pond at the time of sampling. As such amphibian data are not included in this analysis. Data analysis Species richness of invertebrates, insects, Coleoptera, Hemiptera, Odonata, Trichoptera, Mollusca and plants were calculated from the aquatic sampling data. A Pearson correlation was used to assess the relationship between plant and invertebrate species richness. Crosstaxon congruence in species community similarity was investigated using non-parametric Mantel tests (Heino et al. 2009 ). Since water chemistry was only recorded for a subset of 78 ponds, two analyses were conducted. The first investigated plant and invertebrate richness in terms of the physical characteristics of the pond (n = 425) and the second included both the physical characteristics and the chemical variables (n = 78). Variables were assessed for normality and homoscedasticity using Shapiro-Wilk tests and by examining histograms, and transformations were applied where appropriate (Table 1) . To reduce the number of variables, principal components analysis was used to summarise pond length, width and depth. The first component (''pond volume'') explained 78.3% of the variance in these three measurements. In the chemistry data, biochemical oxygen demand (BOD) and chemical oxygen demand (COD) were summarised using PCA into a principal component (''oxygen demand'') which explained 90.1% of the variance in the two variables.
Patterns of species richness
Due to uncertainties over the shape of non-linear relationships in the data, generalised additive models were used to model patterns of richness in terms of environmental predictors. In the first analysis (n = 425 ponds), generalised additive mixed-effects models (GAMMs) were constructed using the nlme (Pinheiro et al. 2011} and mgcv (Wood 2006) packages in R (R Development Core Team 2010). Pond volume (PC1 as described above), plant cover, shade, and ordinal date were included as smoothing functions, with drying and fish presence as parametric terms. The year of sampling was included as a random effect. The ''gam'' function in the mgcv library optimises smoothing during the fitting of the model, such that a prior estimation of polynomials is not required. Cubic regression spline smooth functions were used with shrinkage. This approach penalises poorly-fitting splines such that the smooth is reduced to zero when explanatory power is low, effectively removing that term from the model. The second analysis included only those ponds with chemistry data (n = 78). All these ponds were sampled in 1995 so there was no need for the inclusion of year as a random effect. Instead of GAMMs, generalised additive models (GAMs) were used for these analyses. Ordinal date was excluded from this analysis to reduce the number of predictors, because few or no relationships were seen between this and taxonomic richness in the first analysis. For both analyses, models were used to explain species richness in each of the following groups: (i) invertebrates, (ii) insects, (iii) Coleoptera, (iv) Hemiptera, (v) Odonata, (vi) Trichoptera, (vii) Mollusca and (viii) plants.
Community variation
Conservation recommendations cannot be made solely on the basis of differences in species richness. For example, temporary ponds contain species which are largely restricted to intermittent hydroperiods and cannot persist in permanent ponds. These temporary waters also contain fewer species on average than permanent water bodies. Using only species richness as a measure of conservation value would involve removing temporary ponds and losing those species which are restricted to them. Therefore we analysed variations in community structure using models that were selected to describe species richness. Canonical correspondence analysis (CCA) was used in the vegan package (Oksanen et al. 2011) in R to analyse each of the models and the significance of each term was calculated using the anova.cca function in vegan.
Results
A total of 265 species of plants and 277 species of invertebrates were recorded during the surveys. Mean invertebrate species richness in each pond was 28.2 (±0.6 SE) and mean plant species richness was 20.8 (±0.4). There was a significant, though weak, correlation between plant and invertebrate species richness (r = 0.491, P \ 0.001, R 2 = 0.239, Fig. 2 ). When similarity matrices of the different groups were analysed, cross-taxon congruence was typically low between taxa that were independent of one another (Table 3) . All values are F-statistics apart from for parametric variables (drying and fish presence) which are t-statistics. Missing parameters indicate that that term was dropped from the models by shrinkage (see text for details). Fitted smoothing functions can be seen in Fig. 6 Bold terms are significant at: *** P \ 0.001, ** P
Pond characteristics only (n = 425)
Fitted relationships for parameters in this analysis can be seen in Fig. 6 and the related statistics are in Table 4 . Pond volume has no relationship with species richness in any taxa and sampling date is related only to Trichoptera and plant richness (Table 4 ). The proportion of the pond that was shaded and a history of drying were both consistently significant across all taxa. In three taxa (Odonata, plants, Trichoptera), the relationship between shading and richness was approximately linear, corresponding to a progressive decline in species richness with increasing shading. However, in the remaining taxa (molluscs, Coleoptera, Hemiptera, insects generally and invertebrates generally) there was a non-linear response indicating that low levels of shading had no impact on richness but that higher levels of shading had strong negative effects on richness (Fig. 3a) . Ponds that were known to have dried out contained significantly fewer species of all taxa. Plant cover was consistently positive and significant in all taxa apart from Trichoptera (although this approached significance, P = 0.089). As with shading, relationships between plant cover and taxonomic richness were non-linear. This was particularly evident with insect and invertebrate richness where increasing levels of plant cover had a positive effect where plant cover was sparse, but beyond a certain point (around 30% cover), there was no additional increase in species richness (Fig. 3b) . Relationships between species richness and fish presence varied strongly between taxa, with significant positive relationships in the Odonata, Trichoptera and Mollusca but a significant negative relationship in the Coleoptera. The explanatory power of models varied strongly between taxonomic groups between 10.3% (plants) and 31.4% (Hemiptera). The strongest term in the model explaining plant species richness was the percentage cover of aquatic plants. As this could be circular reasoning (more plants lead to more plants), we ran the same model excluding the plant coverage term. This reduced the adjusted-R 2 from 10.3 to 6.3%.
Pond characteristics and water chemistry (n = 78)
Fitted relationships for parameters in this analysis can be seen in Fig. 7 and the related statistics are in Table 5 . When chemistry data were included to analyse the subset of ponds All values are F-statistics apart from for parametric variables (drying and fish presence) which are t-statistics. Missing parameters indicate that that term was dropped from the models by backwards model selection (see text for details). Fitted smoothing functions can be seen in Fig. 7 Bold terms are significant at: *** P \ 0.001, ** P \ 0.01, * P \ 0.05 the model fit (as measured by adjusted-R 2 ) was increased in models for all taxa apart from molluscs. However, the nature of the relationships between richness and predictors became extremely difficult to interpret with evidence of over-fitting of the splines to the data. This was particularly true for those taxa with relatively few species recorded (maximum species recorded in a single pond: Trichoptera = 6, Mollusca = 7, Hemiptera = 7, Odonata = 5, Coleoptera = 32, insects = 46, invertebrates = 57, plants = 43). For this reason, we limit our interpretation to the four richest groups: Coleoptera, insects, invertebrates and plants.
As with the first analysis, plant cover was positively related to richness in all four groups although this was not significant in the insects (P = 0.093). Non-linearity in the relationship between invertebrate and insect richness and plant cover suggests that there is little variation in richness across intermediate levels of plant cover but a decline at low levels (\5%) and an increase in richness at higher levels ([30%). Also replicated in this analysis was the negative relationship between drying and species richness, although this was not a factor for the Coleoptera which was the only taxon negatively affected by fish presence. Pond volume was weakly (P = 0.037) positively associated with plant richness. Higher species richness of plants, invertebrates and insects were associated with intermediate phosphate concentrations (Fig. 4) , while this was not a factor for Coleoptera. There is evidence for the opposite relationship with oxygen demand, where insect, invertebrate and plant richness is lowest at intermediate levels of oxygen demand. When removing plant cover from the plant richness model, the R 2 -adjusted was reduced from 52.5 to 44.8%.
Community variation
CCA demonstrated that there were a number of factors that influenced not only species richness but also community structure (Table 6 ). This means that speciose ponds tend to be associated with one extreme of a variable's range. This pattern can be seen for invertebrates (Fig. 5a) , where speciose ponds are clustered slightly above and to the left of the origin of the CCA plot, and plants (Fig. 5b) , where speciose ponds are clustered above and to the right of the origin. In both cases the less species rich ponds contain different and more variable communities compared to the more species rich ponds. 
Discussion

General observations
We demonstrate that a reasonable proportion (26-30%) of the variance in the species richness of broad taxonomic groups such as invertebrates, insects and molluscs can be predicted with relatively few environmental variables. However, the predictive ability of models of species richness in lower-order taxonomic groups is more variable. While Hemiptera (31.4%) and Odonata (34.7%) were relatively well predicted, models explaining Coleoptera (12.7%) and Trichoptera (14.2%) species richness performed worse. Taxa responded uniformly with higher species richness in ponds that did not have a history of drying up and ponds with lower amounts of shading. Pond volume was never significantly related to species richness. Responses to fish presence varied between groups. However, less species rich ponds tend to contain different communities compared to more diverse ponds. The addition of water chemistry variables results in models that are difficult to Table 6 Results of canonical correspondence analysis (CCA) describing the variation in community structure of invertebrates and plants in 425 ponds based on models in Table 4 Invertebrates Table 6 for statistics. Symbols represent individual ponds and lighter symbols indicate more diverse ponds interpret for lower-order taxa. However, non-linear trends in both oxygen demand and phosphate concentration appear important in driving species richness in higher-order taxa.
Physical correlates
Shading and drying exerted strong negative effects on the species richness of all taxa in the first analysis of only biological and physical pond characteristics. Shading has previously been suggested as having little effect on species richness but it is clearly a major factor affecting ponds in northern England (this study) and Switzerland (Joye et al. 2006) . The reason for this disagreement may stem from the nonlinearity of the relationship between the two variables. The importance of shading depends upon the range of shading within the dataset that is being analysed, such that a dataset with overall low levels of shading may not find any relationship (note the curvature in Fig. 3a) . As mentioned earlier, permanent and temporary water bodies have different communities (Williams 1997) , and while species richness is often lower in temporary water bodies these habitats may support more rare species (Collinson et al. 1995) . Certainly fluctuating water levels and varying patterns of hydroperiodic fluctuation provide different habitats for species than permanent water bodies (Williams 1997) and occasional drying may benefit regional species richness when species vary in their ability to recolonise (Dorn 2008; Van De Meutter et al. 2006 ). The only other study of this scale is described by Biggs et al. (2005) , who list those environmental variables with which species richness was correlated. They find that only pond area and pH were significantly correlated with species richness in both macroinvertebrates and plants. Drying (''seasonality'' in Biggs et al. 2005 ) negatively correlated with macroinvertebrate species richness and % cover vegetation positively correlated with plant species richness, as in our study. While vegetation abundance (% plant cover in this analysis) exhibited a significant relationship with species richness in our analysis, we can state categorically that there is no relationship between pond volume and species richness in our study system (in line with other studies Oertli et al. 2002; Søndergaard et al. 2005) . Furthermore, Biggs et al. (2005) discount a range of variables as having an effect on species richness, including shade which was highly significant in this study. Thus, while there is agreement between the two studies that ponds constitute a considerable biodiversity resource, there is relatively little agreement on which environmental variables are influencing that species richness. However, it is worth noting that Biggs et al. (2005) use a statistical analysis based on univariate correlations, so it is not possible to draw direct parallels between their results and ours.
Chemical correlates
The application of GAMs to the lower-order taxa led to models that were difficult to interpret. While explanatory power appeared to increase, the fitted relationships between predictors and response variables were complex and suggested overfitting. However, based on the analysis of higher-order taxa, a number of patterns emerge. Clear trends occur in invertebrate and plant richness in response to phosphate concentrations, where both eutrophic and oligotrophic pond states are associated with low floral and faunal diversity. Higher nutrient loading leads to a shift from vascular plants to an ecosystem dominated by algae (Genkai-Kato and Carpenter 2005) . It might be expected that oxygen demand would be related to nutrient loads due to high algal decomposition in eutrophic systems, but there was only a weak correlation between these two variables (r = 0.254, P = 0.024).
Biological correlates
Fish have been shown to alter the composition of aquatic macroinvertebrate communities (Bendell and McNicol 1987) , but it is clear that the effect is not uniform across invertebrate taxa. Our results agree with those of Hinden et al. (2005) who demonstrate positive relationships between fish presence and odonate species richness but negative relationships between fish presence and coleopteran species richness. We add to this pattern positive relationships with Hemiptera, Trichoptera and Mollusca. Schilling et al. (2009) have demonstrated that Coleoptera are less prevalent and occur at lower abundance in lakes containing fish than in lakes lacking fish (particularly Dystiscidae which were completely absent in fish-containing lakes). While they demonstrate similar patterns for Odonata and Hemiptera, Schilling et al. also find that (i) some Hemipteran groups are more prevalent and abundant in lakes containing fish and (ii) the percent occurrence of coenagrionid damselflies, one of the most common odonate groups in our sample, does not vary significantly between fish-containing and fishless lakes. Some coenagrionid damselflies are known to have adaptations which allow persistence with fish (McPeek 1990) . Thus the variation between taxa in response to fish may stem from variation in susceptibility to fish predation, although Coleoptera have also been shown to avoid colonising sites containing fish (Resetarits 2001) .
We have analysed a vast dataset of ponds over a relatively limited geographical scale, using consistent sampling methodology and measuring a wide array of biological, physical and chemical variables. With two exceptions (drying and shade), we have failed to find consistent predictors of species richness across aquatic taxa. Given such a result, it is possible that key predictor variables have been omitted from the analysis. However, an alternative explanation might involve the small island effect (SIE, Lomolino 2000; Lomolino and Weiser 2001) where species-area relationships break down at small island sizes. The SIE is thought to result from idiosyncratic processes that swamp the mechanisms that generate the species-area relationship in larger islands. Rather than only affecting the species-area relationship, such idiosyncratic processes may disrupt relationships between community structure, diversity and any number of environmental factors. In particular, the connectivity of the landscape and the resulting flow of propagules into a given pond can decouple environment-community relationships (Chase and Ryberg 2004; . Plant communities inhabiting grassland habitat patches in agricultural landscapes such as those considered in this study are influenced by isolation (Bruun 2000) . However, Bruun found no relationships between species' traits (e.g. dispersal mode, seed mass) and the extent to which they were affected by isolation. Note, however, that recent work has cast doubt on previous demonstrations and the very existence of the SIE (Dengler 2010; Tjørve and Tjørve 2011) . In phytoplankton communities of marine and freshwater habitats varying by [15 orders of magnitude in spatial extent, no evidence was seen for the SIE (Smith et al. 2005) .
Should these idiosyncracies be present in the system, they render the conservation of ponds a complex task. We have demonstrated that community structure also varies along these environmental gradients. This community variation confounds conservation measures based on maximising alpha diversity, as diverse ponds may not contain some community elements that only occur in less diverse ponds. For example, rare species may be uncommon due to unusual habitat requirements which studies of broad taxonomic groups do not reveal. Temporary ponds and early succession ponds typically have lower species richness (Collinson et al. 1995) , but a subset of species rely on these kinds of ponds and cannot persist without them (e.g. the endangered great crested newt, Triturus cristatus). Idiosyncratic relationships between individual variables and individual species have been demonstrated for pond crustaceans and beetles in UK ponds (Jeffries 2003) . Counterintuitively, gamma diversity is thus maximised by conservation measures which reduce alpha diversity in a subset of individual ponds. In addition, the temporal dynamics of pond communities are rarely considered and even more rarely quantified (Jeffries 2005) . This variability may mean that even if we could precisely define which variables correlated with species richness in ponds at the time of sampling, these relationships may not be stable in the long-term. Relationships may also be present between biological communities and the variability in a factor rather than absolute values of that factor, and this could occur over multiple timescales (Jackson et al. 2009 ). The small size of ponds makes them particularly susceptible to short-term fluctuations. For example, taxa inhabiting a pond may require tolerance to a range of chemical variables since water levels change and alter concentrations of chemicals in the water. Furthermore, viewing ponds as isolated habitats embedded within a terrestrial matrix may be misleading. The matrix between ponds is used extensively by amphibians (Semlitsch 1998 ) and the adults forms of semi-aquatic insects (Jackson and Resh 1989) and so the nature of this terrestrial habitat will also impact aquatic communities.
Ponds have been shown to provide a potential model system for a range of ecological and evolutionary investigations (De Meester et al. 2005 ) and where detailed knowledge about their history can be combined with small spatial scales they form a highly tractable model system. The role of ponds as a biodiversity resource is also now appreciated. However, while we now understand the extent of the biodiversity resource that we are protecting, there is still a long way to go before we are able to make the kind of evidencebased recommendations that are necessary for informed, practical conservation (Sutherland et al. 2004) . We have demonstrated that the species richness of some broad aquatic groups (invertebrates, plants) can be predicted using physical and chemical variables, although predictive power is reduced for narrower groups. Furthermore, these relationships tend to be non-linear and therefore their study requires the use of statistical tools (such as general additive models) that are capable of dealing with such relationships. However, we caution against the uncritical use of such relationships as justification for conservation measures, since promoting alpha diversity in individual ponds may not necessarily promote landscape-level biodiversity. 
